The paper is concerned with analysis of the singular solutions in spherically symmetric static gravitation problem of the General Theory of Relativity. Classical results obtained for external space and for the incompressible liquid sphere are discussed and generalized for the cases of compressible liquid and elastic solid spheres studied by numerical methods.
Governing Equations
Consider a General Theory of Relativity (GTR) problem for a solid spherical body with density ) (r  and external radius R surrounded by an infinite empty space (Figure 1 ) with 0   (Synge, 1960) . The line element of the inside and outside semi-Riemannian spaces induced by the body gravitational field can be written as 
Here, r  and   are the radial and the circumferential stresses induced in the body by the gravitation field.
The energy tensor, j i T , must satisfy the following conservation equation (Synge, 1960 (Synge, 1960) , the simplest set of equations including Eqs. (3), (4) and (6) 
The boundary conditions
should be supplemented with the regularity condition at the origin 0  r and the compatibility condition of the metric tensor for the internal and the external space at
Three equations in Eqs. (8)-(10) include four unknown functions, i.e., two components of the metric tensor g and h , and two stresses r  and   . Thus, the classical set of GTR equations, in the general case, is not complete. 
Solution for the External Space
in which 2 C is the integration constant. 
in which subscript "i" corresponds to the internal space. The boundary condition in Eqs. (11) 
Incompressible Liquid
Presume that the liquid density does not depend on pressure, i.e., that 0    (line 1 in Figure 1 ). This problem has been also solved by K. Schwarzschild. 
To determine constant 1 C entering Eqs. (13) and (14) for the metric coefficients of the external field, we must apply the compatibility condition according to which
. As a result, Eqs. (13) and (18) (13) and (14).
Equation (22) 
The solution of this equation is
Here, 3
C is the integration constant. It can be found from the boundary condition in Eq. (17) 
in which 
and the boundary condition in Eq. (17) cannot be satisfied. Moreover, the obtained result for the pressure has no physical meaning, because positive pressure requires negative density. Thus, the solution of GTR boundary problem does not exist for the liquid sphere whose radius is equal to the gravitational radius. Hence, Eq. (21) has no singularity at r R  , and we can conclude that the metric coefficients in Eqs. (20) and (21) cannot be singular.
Consider the possible singularity of the field variable p . As known (Misner et al., 1973 ) the pressure 
in which 3 C is the integration constant. Because h is not zero at R r  , the boundary condition in Eq. (17) yields 0 3  C and 0  p inside the sphere. Thus, GTR equations do not allow us to obtain the solution for the liquid with density specified by Eq. (32). This result was first obtained by J. R. Oppenheimer and G. M. Volkoff (1939) .
Generalize Eq. (32) 
The solution of this equation which satisfies the boundary condition in Eq. (17) is 
Here and in Eq. (37)
Because the set of nonlinear equations, Eqs. (37) and (38) can hardly be solved analytically, apply the finite difference numerical method and use MAPLE-7 for calculation.
It should be taken into account that parameter 0 g r entering Eqs. (37) and (38) and specified by Eq. (22) is not the gravitational radius for the sphere with variable density. To solve Eqs. (37) and (38 ), we preset some Numerical solution for the liquid sphere with variable density has been obtained by Misner et al. (1973) with the aid of the shooting method in which the pressure at the sphere center has been taken arbitrary and integration is performed up to the radius at which the pressure becomes zero (this radius has been identified with the external radius of the sphere). This method cannot be applied to the problem under consideration, i.e., to study the pressure which can be infinitely high at the sphere center. It should be also noted that numerical method can hardly be used to obtain the singular solution. To identify such solutions, Eqs. (37) and (38) .
Solution of the Internal Problem for the Elastic Sphere
Consider the elastic sphere and introduce infinitely small strains r  and   in the radial and circumferential directions linked with the corresponding stresses by Hooke's law (Wang, 1953) , i.e.,
in which E is the Young's modulus and  is the Poisson's ratio. For small strains, the radial and the circumferential metric coefficients can be presented as (42) in which index "  " corresponds to the deformed space.
As noted in Section 1, the GTR equations, Eqs. (8) 
and is known as the compatibility equation. However, we cannot use this equation, because it is derived under the condition that the space inside the solid is Euclidean before and after the deformation, whereas for the problem under study, the space is semi-Riemannian. To derive the necessary equation, we use the invariant condition for the Einstein tensor proposed by Vasiliev and Fedorov (2006) . As known, the Einstein tensor in Eqs. (4)-(6) allows us to satisfy identically the conservation equation, Eq. (3). It is natural to presume that this property of the Einstein tensor is valid not only for the initial space, but for the deformed space as well. Thus, the only one independent in the problem under study space component of the Einstein tensor, 
